REPRESENTATION OF A RANDOM SIGNAL
AS A RANDOM VECTOR
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EXPECTATION FOR RANDOM VECTORS

DEFINITION

E{p@)} € [T o0 fa(x)dx

¥ (x): Any quantity (scalar, vector, matrix) depending on
random vector x

LINEARITY PROPERTY

Efapi(z) +bo(x)} = a-E{p1(x)} +b-E{tpo(x)}
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MOMENTS OF A RANDOM VECTOR

MEAN VECTOR
my = E{x}

CORRELATION MATRIX

Ry =FE {wa:*T}

COVARIANCE MATRIX

Cx = E{(a: —mg)(x — ma;)*T}
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MEAN VECTOR

 E{x1} | [ mp ]
| E{zn} | My
MN=1 MN=2
.60

fx(x/)l/\
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CORRELATION MATRIX

X1 )
Rmzf{wm*T} = E% 332 {a:”i % x}k\,} >
TN _ )

E{|az1|2} E{xlazé} E{xlaﬁv}

_ E{xgaf{} E{|az2|2} E{xga:}kv}

E{xNx”i} E{xNxE} E{|xN|2}
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COVARIANCE MATRIX

Cx =E{(x—mg)(x —mg)*"}

| E{le1-m/2} E{(z1—m)@—mp)*}  + Ef(zy-m)@n-mp)*} |
_ | B{@a-mo)(e1-m1)*}  E{lap-mol®} o B{(ag-mo)(ay—my)*}
| B{an-mp)er-m)* s B{ey-mp)@o-m)*} - Ellay-mylP}

e Diagonal terms E{|azi — mi|2} are variances of the vector
components.
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CORRELATION/COVARIANCE RELATION

- *T
Caj = Raj — MM,

Proof:

E {(a: —mg)(x — maz)*T} =FE {:L':L'*T —zm} —mgz* +mem

_ *xT' *xT'
= E{a:a: }—mg;mm

*xT
X

E {a:a:*T} — E{x} mg* — mgE {:L'*T} + mgm}
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CORRELATION MATRIX PROPERTIES

1. Conjugate symmetry

Rz = Ri
2. Positive semidefinite
a*TRaga Z 0

e [ hese properties are necessary and sufficient.

e Identical properties hold for the covariance matrix.
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PROOF OF PROPERTIES

Property 1:
RY = <E{ww*T}>*T = E{wa:*T} = Rz

Property 2:

a*'Rga=a*E {a:a:*T} a="=F {(a*Ta:)(a:*Ta)} = Z{|w*Ta|2} >0
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MULTIVARIATE GAUSSIAN DENSITY
REAL RANDOM VECTOR

1

- . e—%(x—mw)TC:}l (x—mg)
(27)2[Cg|2

fr(x) =

COMPLEX RANDOM VECTOR

1
N |Cg|

—(x—mg)*TCL (x—mg)

fr(x) =

e
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LINEAR TRANSFORMATIONS y = Ax

MEAN VECTOR

Fly} =FE{Azxz} = AE{x} or... \my=Amg

CORRELATION MATRIX
E {yy*T} =E {(Aw)(Aw)*T} = AE {a:w*T} A*T

or ... Ry = ARQ}A*T

COVARIANCE MATRIX

correspondingly ... |Cy = ACgA*"
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